Background/Aims: Tooth avulsion consists of the complete displacement of a tooth
| INTRODUCTION
Tooth avulsion consists of the complete displacement of a tooth from the alveolar socket, and it is one of the most severe types of dental trauma. [1] [2] [3] Immediate tooth replantation is the preferable treatment for this type of injury. 4, 5 However, when immediate replantation is not possible, the avulsed tooth should be kept in a storage medium capable of maintaining the viability of the periodontal ligament cells on the root surface. 1, [6] [7] [8] The type of storage medium is crucial for preserving the viability of periodontal ligament (PDL) cells, which directly influences the prognosis of replanted teeth. 9, 10 Although it is largely accepted that the ideal storage medium should have an appropriate pH, physiological osmolality and include nutritional substances to ensure cell survival, 11 there is still no consensus on which storage medium would best prevent sequelae such as ankylosis (fusion of tooth to bone) and replacement resorption of the tooth.
The aim of this study was to perform a systematic review of the in vivo effectiveness of different storage media for treatment of avulsed teeth.
| MATERIALS AND METHODS
The search strategy was based on the following Medical Subject
Heading terms (MeSH) or Text Words (tw) and combination strategies: "replantation" (MeSH term) AND "tooth avulsion" (MeSH term)
OR "teeth avulsion" (tw) AND "storage media" (tw) OR "transporta- databases. An additional manual search was performed to find articles that were not included in the electronic databases.
The relevance of the potential studies was evaluated first by the title and then by the abstract by two examiners (DLL and ACF). For the potentially relevant studies that were selected, a full-text analysis was performed. In case of dissenting opinions or disagreement among examiners during this selection process, a new analysis was performed to reach consensus.
The selection of the titles and abstracts was based on the following inclusion criteria: papers published in English and studies with experimental animal models that evaluated tooth avulsion, storage media, and replantation.
One author (DLL) extracted all relevant data from the studies discussed in this review. From each study, the description of the study The description of the results was clear, and data on different storage media were fully presented *Clinical aspects were based on IADT guidelines; for splinting, the scores fit the protocol for animal models. 31 design, storage media composition, results, and conclusions were extracted. Another author (FWGPS) checked the extracted data. In case of disagreement, a meeting was arranged to reach consensus.
In order to critically evaluate the effectiveness of storage media, the reviewers extracted data and statistical analyses of experiments comparing storage media to a negative control (immediate replantation).
The focused outcomes were ankylosis and replacement root resorption because these are the most common unfavorable outcomes related to replantation. The studies were grouped according to the outcome assessed. The tools used to measure the outcome were also taken into account.
The authors assessed the methodological quality of the studies using a scoring process to evaluate the level of evidence and guide the interpretation of the findings.
The articles selected were evaluated according to the study characteristics, treatment groups, measurements, and statistical analyses. Clinical criteria were based on the International Association of Dental Traumatology (IADT) guidelines when applicable to the animal models. 12 In the scoring system, different weights were attributed to each item according to their relevance ( Table 1 ). The studies were rated as having high, moderate, low, and very low quality of evidence according to the sum of scores (Table 2 ) based on the GRADE (Grading of Recommendations Assessment, Development, and Evaluation) system.
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A meta-analysis was not conducted because the included studies did not have data similar enough to be pooled.
| RESULTS
After the initial search, 254 titles and abstracts were retrieved from the databases. Specifically, 81 studies were retrieved from PubMed, 74 from Scopus, 61 from Web of Science, 38 from Bireme, and none from Cochrane. Duplicates were excluded, and 157 articles were finally selected.
In a more detailed analysis of the articles primarily selected, those with titles and abstracts not related to the topic were excluded (150 articles). Next, the articles were selected according to the inclusion criteria. All seven remaining papers were in English. Regarding the experimental methods used, although all papers evaluated tooth avulsion and replantation, one study was excluded because it evaluated root surface treatment prior to tooth replantation and it did not test storage media.
Thus, six articles were selected for the final full-text analysis ( Figure 1 ).
The characteristics of the selected articles are summarized in immersion period, consistency of diet, and follow up after replantation. Of the six studies selected, one study evaluated rats' teeth, 14 one study assessed monkeys' teeth, 15 and the other four studies evaluated dogs' teeth. Two studies did not report on the root formation stage. 16, 17 Only four studies included a "kept dry" group. Eleven types of storage media were tested: coconut water, tap water, soy milk, whole Milk was the most studied storage medium. 14, 16, 18 Four studies used ankylosis as an outcome. Milk 14, 18 and EuroCollins solution 16 showed results similar to those of immediate replantation. Soy milk was significantly worse than immediate replantation. Five studies used replacement root resorption as an outcome. Soy milk, coconut water, 18 milk, 14, 18 propolis, 14 and Euro-Collins solution 16 showed results similar to those of immediate replantation. "Kept dry"
and milk 16 were significantly worse than immediate replantation. was rated as having a very low level of evidence, 17 four were rated as presenting a low level of evidence, [14] [15] [16] 18 and one study was rated as having a moderate level of evidence. 19 
| DISCUSSION
Preserving the viability of periodontal ligament and cementum on the root surface is crucial for successful tooth replantation.
1,6,8,15
The IADT recommends that avulsed teeth should be immediately replanted, which significantly increases the viability of PDL cells and cementum. 12 However, when immediate replantation is not possible, the storage media in which the tooth is stored can directly influence the outcome of the replantation.
This systematic review aimed to identify which of the currently used storage media can provide outcomes similar to those of immediate replantation. One limitation of this study was that it was not possible to conduct a meta-analysis because the available data were extremely heterogeneous and there were several methodological limitations which prevented the identification of the best storage medium for PDL cell preservation before replantation. Thus, only a qualitative description of the studies characteristics, their main findings, and the level of evidence can be provided to illustrate the current research in this field.
Of the six studies selected, only one study used rodents to evaluate the effectiveness of different storage media. 14 Rats have an accelerated metabolic rate compared to that of humans, 20 and their incisors are continuously growing and are extremely curved, which makes atraumatic extractions difficult. 21 Dogs were used in four of the selected studies. For various reasons, dogs are considered a better model than rodents for dental trauma research. [22] [23] [24] [25] [26] [27] [28] Dogs have a repair process similar to that of humans, and the curvature of the incisors is also similar to that of the human incisor. 29 However, Andreasen and Andersson (2011) 30 argued that the apical delta in mature teeth is a limiting factor in dog models, which makes healing responses difficult to compare to those of humans. They also argued that monkeys are better models than dogs, with wound-healing responses similar to those of humans.
Nevertheless, only one study included in this review used monkeys as the animal model. 15 In humans, splinting of avulsed teeth is considered the best practice to maintain the repositioned tooth in the correct position, as well as to provide patient comfort and improve function of replanted teeth.
However, the recommendation for splinting depends on the species used, and researchers in dental traumatology should be aware of the treatment differences between animal models. In rodents, splinting is not necessary after replantation due to the anatomy of the incisors, whose curvature helps maintain the tooth in the socket. One study demonstrated that splinting may lead to tooth displacement toward the mesial portion of the socket and to more ankylosis and resorption in the area. 31 Of the six studies included in this review, the one study 14 that used rodents did not use a splint probably because this procedure is not necessary for this model. Similarly to humans, splinting is also necessary in dogs and monkeys.
The choice of treatment is related to the maturity of the root (open or closed apex) and the condition of the periodontal ligament cells. 12 In two of the six studies, the maturity of the root was unclear.
Thus, these studies were scored lower in the analysis of quality of the evidence.
Root canal treatment is indicated for teeth with complete root formation (closed apex) after tooth avulsion. radiographic follow up in animals. 7, 19 Thus, studies that were performed on teeth with a closed apex without root canal treatment were scored lower in the analysis of the quality of evidence.
Antibiotic therapy is necessary to prevent infections. 19 However, the recommendation for systemic administration of antibiotics after replantation is still questionable 33, 34 in humans, as clinical studies have not demonstrated its value as presented in the IADT guidelines. 12 On the other hand, experimental studies have usually shown positive effects upon both periodontal and pulp healing. 22, 35 For this reason, antibiotics are recommended after replantation of teeth in animal models.
Thus, studies that did not report the administration of antibiotic therapy received low scores.
The findings of this review are limited to animal models and extrapolation to humans should be considered with caution. Despite this, evidence of which medium is most suitable for avulsed teeth to use clinically is often based on case reports. Randomized clinical studies are not available due to several limitations of conducting this kind of research in humans. 36 Therefore, further prospective clinical observational studies are desirable to provide a basis for future systematic reviews and meta-analysis.
T A B L E 2 Criteria used for grading quality of evidence of the included studies
GRADE range GRADE quality of evidence Interpretation

13-15 High
Confident that the true effect lies close to the estimated effect.
10-12 Moderate
The true effect is likely to be close to the estimated effect, but there is a possibility that it is substantially different.
6-9 Low
The true effect may be substantially different from the estimated effect.
0-5 Very low
The true effect is likely to be substantially different from the estimated effect.
Based on GRADE (Grading of Recommendations Assessment, Development, and Evaluation) guidelines. 13 According to the IADT guidelines, knowledge of the time that the tooth remains outside the socket until replantation is crucial to classify the treatment as immediate or delayed replantation, which is useful to determine the treatment options and the prognosis. 12 In four of the six studies included in this review, the extra-alveolar period was unclear.
T A B L E 4 Quality assessment of selected studies This systematic review has identified many storage media that have been used to preserve avulsed teeth, including coconut water, tap water, soy milk, whole milk, saline solution, saliva, propolis, physiological saline, Euro-Collins solution, HBSS, and Viaspan ® . However, the review was not able to identify which is the best solution to prevent ankylosis and replacement root resorption and, consequently, tooth loss. None of the included studies had a high level of evidence. "High level of evidence" studies indicate confidence that the true effect lies close to the estimated effect. Only one study 19 was rated as having a moderate level of evidence, which indicates that the true effect is likely to be close to the estimated effect, but there is a possibility that it is substantially different.
In conclusion, due to data heterogeneity and limitations of the studies, the current literature does not provide enough evidence to determine the best storage medium to achieve successful tooth replantation. Further studies that evaluate storage media for avulsed teeth are necessary, especially because of the risk of ankylosis following replantation.
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